Objective: to determine the effect of exercise on chemerin in relation to changes in fat loss, insulin action, and dyslipidemia in older adults. Participants: thirty older (65.9±0.9yr) obese adults (BMi:34.5±0.7kg/m 2 ). Setting: Single-center, Cleveland Clinic. Design: Prospective clinical trial. Intervention: twelve-weeks of exercise training (60minutes/day, 5day/week at~85% hrmax). Subjects were instructed to maintain habitual nutrient intake. Measurements: Plasma chemerin was analyzed using an enzyme-linked immunosorbent assay. Peripheral and hepatic insulin sensitivity was assessed using a euglycemic-hyperinsulinic clamp with glucose kinetics. First-phase and total glucose-stimulated insulin secretion (gSiS) was calculated from an oral glucose tolerance test. Fasting blood lipids (cholesterol, triglycerides), total/visceral fat (dual-x-ray absorptiometry and computerized tomography) and cardiorespiratory fitness (treadmill test) were also tested pre and post intervention. Results: exercise increased fitness and reduced total/visceral fat, blood lipids, and firstphase gSiS (P<0.05). training also increased peripheral insulin sensitivity and lowered basal/insulin-related hepatic glucose production (P<0.01). the intervention reduced chemerin (87.1±6.0 vs. 78.1±5.8ng/ml; P=0.02), and the reduction correlated with decreased visceral fat (r=0.50, P=0.009), total body fat (r=0.42, P=0.02), cholesterol (r=0.38, P=0.04), triglycerides (r=0.36, P=0.05), and first-phase and total gSiS (r=0.39, P=0.03 and r=0.43, P=0.02, respectively). Conclusions: lower chemerin appears to be an important hormone involved in cardiometabolic risk and gSiS reduction following exercise in older adults.
Introduction
adipose tissue is regarded as an active endocrine organ secreting cytokines that regulate fat mass, inflammation, as well as glucose and lipid metabolism (1) . Chemerin is a novel adipokine secreted from both visceral and subcutaneous adipose tissue and is associated with metabolic syndrome, cardiovascular disease and type 2 diabetes (2-6). Chemerin was originally described as a chemoattractant protein that modulates chemotaxis and activation of macrophages through the g protein-coupled receptors (e.g. CMKlr1, gPr1, and CCrls) (7) . More recently, chemerin was shown to play an important role in adipocyte differentiation as well as glucose homeostasis. the exact mechanism by which chemerin contributes to cardiometabolic disease is unclear, but chemerin is associated with inflammation, elevated triglycerides, and arterial stiffness (3, 4, 8, 9) . Chemerin also induces insulin resistance in adipocytes, hepatocytes and primary human skeletal muscle cells in vitro by impairing glucose uptake (10) (11) (12) (13) , and this is how it may contribute to glucose intolerance (4, 6) . however, controversy exists regarding chemerin as a pro-or antiinflammatory hormone in regards to the regulation of glucose metabolism (14) . thus, further work in humans is needed to clarify whether chemerin is a leading adipokine involved in the progression and/or reversal of cardiometabolic risk.
exercise reduces cardiometabolic risk factors in part by lowering adipokines related to insulin resistance and glucosestimulated insulin secretion (15) . as a result, exercise is recommended as a first-line therapy in weight management and glycemic control. we have shown that exercise, with or without weight loss, decreases metabolic syndrome severity, inflammation, and insulin resistance (16) (17) (18) . thus, it would seem that chemerin should decrease after an exercise intervention. however, data on the effect of exercise on chemerin is limited (19) (20) (21) (22) (23) , and there are no data determining the effect of an exercise intervention on chemerin in older, obese insulin resistant adults. Moreover, no study to our knowledge has examined the effect of exercise-induced improvement in peripheral or hepatic insulin sensitivity via the euglycemic-clamp with glucose isotopes or glucose-stimulated insulin secretion in relation to changes in circulating chemerin to gain mechanistic insight into the role of chemerin in regulating cardiometabolic risk. in order to address this knowledge gap, we tested the hypothesis that exercise training would decrease chemerin, and the change in chemerin would correlate with improvements in body fat, dyslipidemia, and insulin sensitivity. understanding if chemerin is reduced after exercise in an older cohort is clinically relevant since older men and women are at high risk of developing type 2 diabetes and cardiovascular disease (24) . 
EXERCISE-INDUCED LOWERING OF CHEMERIN IS ASSOCIATED WITH REDUCED CARDIOMETABOLIC RISK AND GLUCOSE-STIMULATED INSULIN SECRETION IN OLDER ADULTS

Methods
Subjects
thirty older (65.9 ± 0.9 yr) obese adults (table 1) volunteered for this study, and some of the glucose kinetic data were previously reported (17) . all subjects were weight stable (<2 kg in the previous 6 months), sedentary (<60 minutes/week), and free of chronic disease (i.e. hematological, renal, hepatic, cardiovascular, type 2 diabetes). all women were post-menopausal for at least 1 year, and subjects were excluded if they smoked or took medications (e.g. metformin, statins, etc.) known to affect the study outcomes. Subjects were verbally briefed about the study and signed written informed consent documents approved by our institutional review Board.
Exercise Training Intervention
Subjects were screened with a resting eCg as well as an incremental maximally graded exercise stress test before participation in the intervention to exclude individuals with underlying cardiovascular dysfunction. Participants underwent a supervised treadmill-walking and cycle ergometer exercise intervention 5 days/week for 60 minutes/day at approximately 85% of heart rate max (hrmax) for 12 weeks. appropriate exercise intensity was managed using heart rate monitors (Polar electro, inc. woodbury, ny). Subjects met with a dietitian once per week to review 3-day diet logs and were advised to maintain their pre-intervention macronutrient intake. Food records were averaged over a 3-day period for analysis before and after the intervention to assess dietary intake.
Control Period
Pre-and post-intervention metabolic assessments were conducted during a 3-day inpatient stay at the Clinical research unit (Cru) as described before (16) (17) (18) . at this time, subjects were provided weight-maintenance meals (resting metabolic rate x 1.2 activity factor; 55% ChO, 30% fat, 15% protein). resting metabolic rate was determined after subjects rested in the supine position for 30 minutes. expired air (i.e. vO2 and vCO2) was collected using a ventilated hood and indirect calorimetry (vmax encore, viasys, yorba linda, Ca). Postintervention outcome measures were obtained 16-18 hours after the last exercise session.
Aerobic Fitness
Maximum oxygen consumption (vO2max) was determined using a continuous incremental treadmill exercise test, (Jaeger Oxygcon Pro; viasys, yorba linda, Ca). the hrmax obtained during this test was used during exercise training. vO2max was repeated at weeks 4 and 8 so that the appropriate exercise intensity could be adjusted accordingly throughout training.
Body Composition and Cardiometabolic Risk
after an overnight fast, weight was recorded on a digital platform scale in a hospital gown, and height was measured without shoes using a wall-mounted stadiometer. Dual-x-ray absorptiometry (DXa; lunar Prodigy, Madison, wi) was used to quantify total fat mass, and waist circumference was measured with a plastic tape measure 2 cm above the umbilicus. Computerized tomography, with a SOMOtOM Sensation 16 Scanner (Siemens Medical Solutions, Malvern, Pa) was used to determine visceral and subcutaneous adipose tissue mass as discussed before (24) . Systolic and diastolic blood pressure was recorded in the seated position after approximately 10 minutes of rest. Fasting glucose, triglyceride, total cholesterol, high-density lipoprotein (hDl), and lowdensity lipoprotein (lDl) were obtained from an antecubital vein. a standard 75 gram oral glucose tolerance test (Ogtt) was performed to measure post-prandial insulin and glucose. Blood samples were obtained every 30 minutes up to 120 minutes, and total area under the curve (auC) was calculated using the trapezoidal model. First phase and total glucosestimulated insulin secretion (gSiS), i.e. the insulinogenic index, was calculated by dividing the increment in plasma insulin at 30 and 120 minutes by the increment in plasma glucose at 30 and 120 minutes of the Ogtt, respectively (i.e. ins30-0/glc30-0 and ins120-0/glc120-0).
Insulin Sensitivity with Glucose Kinetics
after an overnight fast, a euglycemic-hyperinsulinemic clamp was performed. a primed (3.28 mg/kg) continuous (0.036 mg·kg -1 ·min -1 ) infusion of [6,6-2 h]-glucose was started at t = -120 minutes. at t = 0, a constant infusion (40 mu/m 2 ·min -1 ) of insulin was administered via an indwelling catheter placed in an antecubital vein. glucose was infused for 120 minutes at a variable rate to maintain plasma glucose at 90 mg/dl. a retrograde hand catheter was also placed and the hand was warmed to 60°C for collection of arterialized blood samples. Peripheral insulin sensitivity, which mostly reflects skeletal muscle glucose uptake, was averaged during the last 30 minutes of the clamp and defined as the rates of glucose disposal (rd) divided by the ambient insulin concentrations [i.e. rd/i]. Basal rates of glucose appearance (ra), which primarily comprises of hepatic glucose production, was averaged during minutes t = -30 to t = 0. endogenous hepatic glucose production (hgP) during the clamp was defined as the difference between hgPclamp and the exogenous glucose infusion rate. the suppression of hgP was defined as [1-(hgPclamp/hgPfast)*100%]) and used to characterize hepatic insulin sensitivity. Standard equations were used to calculate steady-state rates of glucose metabolism (26) . insulinstimulated suppression of free fatty acids (FFa) was defined as: [1-(FFaclamp/FFafast)*100%] and used as a surrogate for adipose insulin sensitivity. Carbohydrate oxidation was determined by indirect calorimetry using standard equations (27) . nonoxidative glucose disposal (nOgD) was calculated during the final 30 minutes of the clamp (nOgD = rd -total carbohydrate oxidation).
Biochemical Analysis
Blood samples were centrifuged at 4°C for 10 minutes at 1000 rpm, and then stored at -80°C until subsequent analysis. Plasma chemerin and tnF-α concentrations were measured using an enzyme-linked immunosorbent assay (roche Modular Diagnostics, indianapolis, in). Plasma glucose was determined by a glucose oxidase assay (ySi 2300 Stat Plus, yellow Springs, Oh). Plasma insulin was measured using a radioimmunoassay (Millipore, Billerica, Ma). Plasma triglycerides and cholesterol were analyzed using enzymatic methods with an automated platform (roche Modular Diagnostics, indianapolis, in). Plasma FFa concentrations were analyzed by a colorimetric assay (wako Chemicals, richmond, va). Plasma samples for isotopic enrichment were deproteinized, extracted, and then derivatized before analysis by gas chromatography-mass spectrometry as described previously (24) .
Statistical Analysis
Pre and post group means were compared using the statistical program r (leopard build 64-bit, the r Foundation, vienna, austria, 2011). non-normally distributed data were log-transformed for statistical analysis. all outcomes were assessed using paired t-tests. Bivariate correlation analysis was used to determine associations between variables, and significance was accepted as P<0.05. Data are expressed as mean ± standard error of the mean (SeM).
Results
Fitness and Body Composition
Overall adherence to our exercise program was excellent (94.4 ± 1.2%), and all subjects completed the intervention. Based on 3-day food logs, subjects tended to report less food intake (Pre = 1873.0 ± 69.5 vs. Post = 1771.7 ± 86.8 kcal/d, P=0.06). Since carbohydrate (Pre = 55.8 ± 0.7 vs. Post = 56.2 ± 0.6%, P=0.57) and protein (Pre = 17.2 ± 0.6 vs. Post = 17.5 ± 0.6%, P=0.25) intake did not change during the intervention, the majority of caloric deficit came from dietary fat (Pre = 29.9 ± 0.7 vs. Post = 27.7 ± 0.7%, P=0.01). exercise training increased vO2max by 14.2 ± 1.7% (P<0.001). exercise significantly reduced body weight by -8.3 ± 0.7% (BMi: 34.5 ± 0.7 vs. 31.6 0.6 kg/m 2 , P<0.001), and this was predominately fat mass (-16.4 ± 1.7%, P<0.001) since fat-free mass was unchanged at the end of the intervention (-0.7 ± 0.6%, P=0.30; table 1). visceral and subcutaneous fat mass was also significantly reduced after training (table 1) .
Cardiometabolic Risk Factors the intervention significantly lowered blood pressure, triglycerides, total cholesterol, fasting glucose and insulin concentrations (table 1) . although plasma tnF-α was unchanged after training (P=0.88) the intervention did significantly lower glucose and insulin auC after training (table 1) . Insulin Sensitivity and GSIS exercise training increased peripheral insulin sensitivity (P<0.001; table 2), which was explained by a rise in both nonoxidative (Pre = 2.1 ± 0.5 vs. Post = 2.8 ± 0.3 mg/kg/min; P<0.02) and oxidative carbohydrate metabolism (Pre = 1.1 ± 0.2 vs. Post = 1.6 ± 0.1 mg/kg/min; P<0.01). the intervention lowered basal hgP (P=0.01) and insulin-related hgP (P<0.001; table 2). exercise training had no statistical effect on FFa suppression (P=0.38; table 2). exercise training also reduced first-phase gSiS (Pre = 1.9 ± 0.2 vs. Post = 1.2 ± 0.15, P=0.04), but not total gSiS (Pre = 4.1 ± 2.1 vs. Post = 2.9 ± 1.2, P=0.54).
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Figure 1
effect of a 12-week exercise intervention on plasma chemerin concentrations. *Significant compared to Pre-test (P=0.02).
Data were log-transformed for statistical analysis
Chemerin and Correlations exercise training significantly decreased plasma chemerin (P=0.02; Figure 1 ). Baseline chemerin levels were associated with hDl (r=-0.39, P=0.03) and visceral fat mass (r=0.38, P=0.05), but not vO2max (r=0.03, P=0.87). lower chemerin levels after training were associated with reductions in body weight (r=0.39, P=0.03, Figure 2a) , total body fat (r=0.42, P=0.02; Figure 2b ) and visceral fat mass (r=0.50, P=0.009, Figure 2c ). lower chemerin concentrations after training were also associated with decreased total cholesterol (r=0.38, P=0.04, Figure 3a ) and triglyceride concentrations (r=0.36, P=0.05, Figure 3b ). reduced insulin auC from the Ogtt was not correlated with lower chemerin levels (r=0.32, P=0.09), however, first-phase and total gSiS were significantly associated with decreased chemerin after training (r=0.39, P=0.03 and r=0.42, P=0.02, Figure 4a and 4b, respectively). however, lower chemerin levels after training did not correlate with vO2max (r=0.14, P=0.46), tnF-α (r=0.13, P=0.59), dietary fat (r=-0.17, P=0.37), peripheral insulin sensitivity (r=-0.22, P=0.26) or insulin-related hgP (r=0.19, P=0.35). weight loss was associated with increased peripheral (r=-0.47, P=0.04) and reduced clamp-derived hgP (r=0.48, P=0.04). increased vO2max tended to correlate with improved peripheral (r=0.35, P=0.06) and insulin related hgP (r=-0.50, P=0.04).
Discussion
exercise is widely encouraged in older adults in order to reduce body fat, improve insulin sensitivity, and decrease cardiometabolic risk factors (16, 28) . however, there are limited data regarding the effect of exercise training on chemerin (19) (20) (21) , and the relationship between changes in chemerin and exercise-induced changes in cardiometabolic risk factors has not been examined in older adults. therefore, this is the first clinical intervention to determine the effects of a fully supervised exercise training program on chemerin in previously sedentary, older, obese men and women. Despite the absence of a control group in this study, prior work that did include a control group has shown no change or slight increases in (20, 21) , thus supporting the view that physical activity and/or a weight maintenance diet is important for sustaining low chemerin levels (19) . the main finding from this study is that exercise training decreased plasma chemerin concentrations (Figure 1 ), and this reduction in chemerin was significantly correlated with lower body weight/fat (Figure 2 ) as well as decreased blood lipids (Figure 3) . the exerciseinduced findings seen herein are consistent with the few recent studies reporting that aerobic and/or resistance exercise programs ranging between 3-5 days/week at 55-85% hrmax are effective at lowering chemerin levels in middle-aged adults at risk for type 2 diabetes (19) (20) (21) . importantly, unlike previous work (19) (20) (21) , our subjects underwent rigorous dietary control 3 days before metabolic testing and exercised with full supervision (adherence~94%) at approximately 85% of hrmax for 60 minutes per session 5 days/week for 12 weeks. although changes in caloric intake were not statistically significant, we acknowledge that some of the weight loss induced by our exercise training intervention may be due to reductions in dietary fat intake. however, the change in fat intake was not related to changes in chemerin. thus, our findings strengthen the current body of literature and show for the first time that moderate to vigorous intensity exercise training effectively regulates chemerin in older men and women. Future work should consider determining the effects of a single-bout of exercise on plasma chemerin to tease out the cumulative effect of exercise training on chemerin. the mechanism by which exercise training reduces chemerin has yet to be fully elucidated. Physically active individuals typically have more favorable adipokine profiles than less active people (15) , suggesting that high cardiorespiratory fitness may reflect "healthy" adipocytes. however, we did not observe a direct correlation between increased vO2max and decreased chemerin in this study. Based on this association, an exercise training induced increase in vO2max does not appear to be required for lowering chemerin. alternatively, chemerin increases with adipocyte differentiation (29) (30) (31) and chemerin is associated with both subcutaneous and visceral fat accumulation (9, 32) . this latter observation is in line with the direct correlation between the change in chemerin and visceral fat loss after exercise training in the current study (Figure 2) , as well as previous weight loss research (22) . interestingly, lowering chemerin in cell models abrogates adipogenesis (33) , and use of rosiglitazone and metformin decreased chemerin expression in adipocytes by activating peroxisome proliferatoractivated receptor-γ (PPar-γ) and reducing endoplasmic reticulum stress, respectively (29, 34) . it is worth noting though that chemerin may be more directly related to circulating inflammatory adipokines (e.g. tnF-α) rather than fat mass per se (8) . although exercise training did not reduce plasma tnF-α concentrations in our subjects, circulating and monocyte-derived tnF-α is a well-established cytokine that induces insulin resistance and generally responds to lifestyle interventions (15, 18) . Because resident adipose macrophages secrete additional cytokines that contribute to both local and systemic inflammation, it remains possible that paracrine or autocrine inflammatory secretion, rather than fat mass, contributed to the change in chemerin levels seen in this study (7, (35) (36) (37) . in fact, recent work in patients with rheumatoid arthritis demonstrated that anti-tnF therapy reduced chemerin concentrations (37). taken together, it would seem reasonable that at least some of the reductions in chemerin are due to exercise-induced declines in inflammation and obesity.
Figure 2
Correlation between the change (Δ) in chemerin chemerin and weight loss (a), total fat mass reduction (B), and decreased visceral adiposity (C) after a 12-week exercise intervention
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The Journal of Nutrition, Health & Aging© Volume 18, Number 6, 2014 habitual exercise has beneficial effects on glucose tolerance and insulin sensitivity. Chemerin has been shown in vitro to decrease glucose uptake via insulin signaling (i.e. insulin receptor substrate-1 (irS-1) serine phosphorylation, akt) and glycogen synthase in adipocytes and primary human skeletal muscle cells (10, 12, 36) . Chemerin treatment also reduced hepatic glucose uptake in obese/diabetic (db/db) mice and attenuated glucose intolerance (13) . as such, it would seem likely that improvements in peripheral and/or hepatic insulin sensitivity would be associated with reductions in plasma chemerin concentrations after exercise in older adults. Our results indicate, however, that changes in chemerin after exercise training were not associated with improvements in clamp-derived peripheral or hepatic insulin sensitivity or Ogtt measured insulin auC. a possible explanation for this observation may be related to the disparate effects of chemerin on glucose metabolism in adipocytes. while some have shown chemerin to impair insulin-stimulated glucose uptake (36), takahashi et al. reported that chemerin enhanced irS-1 tyrosine phosphorylation and promoted glucose uptake in adipocytes (11) . thus, these opposing in vitro data in adipocytes (11, 36) may help explain why in vivo correlations between chemerin and insulin sensitivity are observed in some (19, 21, 38) but not all human studies (4, 35, 39) . it is likely that weight loss and/or enhanced aerobic fitness in the current study induced alternative mechanisms (e.g. mitochondrial function or reduced cytokines vis-a-vi il-6, CrP, etc.) that had more pronounced effects on increasing insulin sensitivity (40-
Figure 3
Correlation between the change (Δ) in chemerin and the Δ in total cholesterol (a) and triglycerides (B) after a 12-week exercise intervention
Figure 4
Correlation between the change (Δ) in chemerin and the Δ in first phase glucose-stimulated insulin secretion (gSiS; a) and total gSiS (B) after a 12-week exercise intervention 43). Plasma chemerin levels are positively associated with aspects of cardiovascular disease, including metabolic syndrome and pro-atherogenic dyslipidemia (4, 35, 44) . in fact, high fat feeding in mouse models has been shown to promote chemerin expression via elevated FFa concentrations (31) . in the current study, although we observed a reduction in dietary fat after the intervention, there was no statistical difference in FFa concentrations, suggesting that dietary fat and FFas per se are not essential for influencing chemerin. however, we did observe a significant inverse correlation between baseline chemerin and hDl levels. in addition, the reduction in chemerin after exercise training was positively correlated with decreased total cholesterol and triglyceride concentrations (Figure 3a and 3b) , suggesting that chemerin may have a direct role in lipoprotein metabolism. in obesity, sterol regulatory element-binding protein 2 (SreBP2), which activates genes in cholesterol metabolism like 3-hydroxy-3-methyl-glutaryl-Coa (hMg-Coa) reductase and lDl-receptor, is elevated compared to lean controls (31) . Chemerin has been suggested to increase cholesterol uptake in human monocyte derived macrophages and play a role in the development of atherosclerosis and foam cell formation (3). Since one of the major cardio-protective effects of habitual exercise is to manage cholesterol levels, our data suggest that some of the exercise effect to reduce cardiometabolic risk in older adults may be associated with lower chemerin concentrations. we acknowledge that associations do not equate to causation, and further investigation is required to elucidate the mechanism(s) by which chemerin is linked to blood lipids in older, obese, insulin resistant men and women.
exercise training is known to decrease glucose-stimulated insulin secretion (45) (46) (47) . this reduction in compensatory hyperinsulinemia to glucose loads in insulin resistant adults is considered beneficial for preserving pancreatic beta-cell function and improving long-term glycemic control (48) . recent work has demonstrated that chemerin plays a physiologic role in stimulating first phase gSiS in mice through a Mafa dependent pathway (49). we extend upon this previous work by calculating both first phase and total gSiS to gain mechanistic insight into the relationship between chemerin and the regulatory steps of insulin secretion. in this study, exercise training reduced gSiS and this change in gSiS was significantly correlated with reductions in chemerin. Consistent with previous work in mice (49) , our novel human data suggest that chemerin may be involved in the secretion of previously primed insulin secretory granules as well as maturation and/or docking of new insulin secretory granules that occur in response to oral glucose ingestion (50) . whether chemerin influences the ability of incretins to potentiate gSiS awaits further investigation. taken together, our findings suggest that chemerin has a role in glucose homeostasis through a multiorgan dependent manner.
in conclusion, 12 weeks of aerobic exercise training reduced chemerin in previously sedentary, older, obese adults. the decrease in chemerin concentrations was associated with reductions in body fat, cholesterol/triglycerides, and insulin secretion. the degree to which treatments improve insulin action and regulate body fat likely involves cross-talk between liver, skeletal muscle, pancreas and adipose tissue. Our findings suggest that chemerin is an important hormone connecting obesity with cardiometabolic risk. Further work is required to elucidate the mechanism by which chemerin regulates glucose and lipid metabolism to gain insight into how exercise with weight loss contributes to the prevention of type 2 diabetes and cardiovascular disease.
